: The study of ecosystems of the great lakes is important as Background observations can be extended to ecosystems of larger scale. The ecological crisis of Lake Baikal needs investigations to discover the molecular mechanisms involved in the crisis. The disease of Baikal sponges is one of the processes resulting in the degradation of the littoral zone of the lake.
Introduction
Lake Baikal, located in Southeastern Siberia, is the largest by volume and the oldest great lake on the planet, and several signs of ecological crisis in Lake Baikal have been observed since 2010 -2011 [Bormotov, 2012 Khanaev et al., 2018; Kravtsova et al., 2014; Timoshkin et al., 2016] . One of these signs is severe disease and death of sponges which is now observed in almost all parts of the lake. The symptoms of the disease begin with the appearance of pink and brown spots on the surface of the sponge and terminate with complete destruction of the sponge tissues. The cause of the disease is still unclear.
Endemic freshwater Baikal sponges (Demospongiae, Lubomirskiidae) dominate their biomass among the benthic organisms of the littoral at depths from 3 to 25 m covering 47% of the available surfaces [Pile et al., 1997] . In healthy condition sponges have a green color, mainly explained by the presence of a photosynthetic symbiont, an intracellular coccoid green algae. This algae belongs to the Cholorophyta division, and is close in taxonomy to the Choricystis genus [Chernogor et al., 2013] . It is natural to assume, that the photosynthetic symbiont is the source of feeding for sponge cells. And, the change of color of sponge tissue could indicate that the chloroplasts of the symbiont are damaged in the early stages of the disease. So, precise study of this algae symbiont could be of critical importance in investigating the cause and consequences of sponge disease.
The sequencing and comparative analysis of chloroplast DNA is a conventional method for detailed study of planctonic algae [Lemieux et al., 2014; Lemieux et al., 2015] . Normally, chloroplast DNA sequences are determined using cultivated algae and de novo assembly of genomic DNA reads [Twyford & Ness, 2017] . But for uncultured species, the chloroplast genome can be obtained using metagenome sequencing [Worden et al., 2012] . For symbiotic algae from Baikal sponges, this strategy is probably more efficient, and the comparative analysis of samples of healthy and diseased sponges can provide a deeper look into the features of chloroplast genome affected by sponge disease. The presence and properties of polymorphic sites on the chloroplast genome could be an effective way to investigate the variations of genome sequence depending on the disease state of the sponge. The study of the distribution of bacterial strains depending on geographic location [Truong et al., 2017] can be mentioned as a precedent, where gene-batteries typical for gut microbiome were compared using the distribution of polymorphic sites in genome sequences, using metagenome sequencing.
Methods

Sampling and sequencing
Three samples of freshwater sponge Lubomirskia baicalensis were collected from Lake Baikal in the Bol'shiye Koty area (51° 90´ 69 N ´´, 105° 07´ 05 E´´) at a depth of 10 m by scuba divers in June 2016. One sample was obtained from the sponge that was healthy in appearance (exhibiting a green colour), one sample was taken from diseased sponge and one from dead rotten sponge tissues. The collected samples were immediately placed in containers with Baikal water and ice and transported to the lab, maintaining a constant water temperature. For all three samples Illumina pair-end reads were obtained by DNA metagenome sequencing in Novogene Inc. (Illumina PE 150). The extraction and sequencing of RNA in the samples was also performed at Novogene Inc., to represent their metatranscriptome content. This was possible only for healthy and diseased sponge tissues; not enough RNA was extracted from the rotten tissues. The DNA metagenomic reads were processed by a conventional bioinformatics pipeline implemented at Novogene Inc, including the filtering of sequencing errors and the assembly of contigs using SoapDeNovo assembler [Luo et al., 2012] . RNA metatranscriptomic reads were filtered and trimmed using Trimmomatic 0.35 software [Bolger et al., 2014] .
Assembly and annotation of the chloroplast genome fragment The sequence of chloroplast genome Choricystis parasitica (NC_025539) was used as a template for assembly and for comparative analysis because it is the chloroplast genome closest to the available genomes. For the assembly of the targeted genome, the following steps were performed:
1. Scaffolds were obtained by de novo assembly of each DNA metagenomic sample by conventional utilities with the use of the SoapDeNovo assembler 2. Scaffolds were aligned to the reference sequence of chloroplast using Blastn (evalue threshold 1e-40)
3. The paired-end sequence reads from 3 DNA metagenomics libraries and 2 RNA metatransriptomic libraries were aligned to the selected scaffolds using Bowtie2 (v. 2.2.6) 4. The aligned reads from all samples were collected and assembled de novo using the Inchworm assembler from the Trinityrnaseq 2.6.5 package [Grabherr et al., 2011] with the lowest possible tolerance to sequencing errors and the highest possible value of k-mer size (K=31) 5. The contigs obtained after the de novo assembly by Inchworm were compared with the reference genome; this allowed the selection of a single contig of length 55638 with high homology to the reference genome. It was the only contig which could be reliably identified as a fragment of the chloroplast genome.
Open reading frames were identified in the obtained contig, and most of the identified proteins are annotated following the annotations of the reference genome. TrnaSCAN 1.4 software [Lowe & Eddy, 1997] was used for identification of the transport RNA in the putative chloroplast sequence, and the locations of 18S rRNA and 23S rRNA were identified by a direct alignment with reference rRNAs using the Mummer 3.23 package [Kurtz et al., 2004] .
Identification of polymorphisms
In order to separate it from traces of sequencing errors, the selection of the polymorphic sites in the genome was implemented following the approach described in [Truong et al., 2017] . Each of the RNA and DNA samples represented as pair-end reads was separately aligned to the assembled fragment of the chloroplast genome using Bowtie2; the alignments were then processed using the Samtools 1.7 software pipeline with conventional settings, and the approach proposed in [Truong, 2017] was used to identify the polymorphic sites.
Describing the algorithm, for each position s on the alignment of the reads against the Ns is defined as the total number of reads covering it, and Ts is defined as the number of reads supporting the most abundant allele. Given the sequencing error rate E, the non-polymorphic null hypothesis was rejected if the probability that the number Ns − Ts of reads coming from the non-dominant allele is <α = 0.05. This is estimated using the probability mass function of a binomial distribution with Ns trials and the successful rate 1 − E. The error rate was set to 0.01 for Illumina sequencing. The bases with quality below 30 were removed and the reads with an average identity to the reference below 99% were ignored before applying the statistical test. Failing to reject the null hypothesis reflects the absence of alternative alleles or inability of distinguishing between low-coverage potential alternative alleles and sequencing noise.
Thus, the number of polymorphic sites could be counted for each gene. Another property of each gene is the number of polymorphic sites where the count of alternative alleles is higher than the count of dominant allele (Ts < Ns -Ts). This property could detect mutations in the sample genotype and phenotype, for each gene.
Phylogenetic analysis
The chloroplast genome sequences of Picocystis salinarum (NC_024828), Myrmecia israelensis (KM462861), Botryococcus braunii (KM462884), Coccomyxa subellipsoidea (NC_015084), Hydrodictyon reticulatum (NC_034655), Mychonastes jurisii (NC_028579) and Chlorella vulgaris (NC_001865) were used for a reconstruction of the phylogenetic trees for the 16S ribosomal RNA (rrs gene) and the ATP synthase subunit beta (atpB gene). The nucleotide sequences of the selected genes were aligned using Mafft 7.27 software [Katoh & Standley, 2013] . The trees were constructed using the FastMe 2.1.5.1 software [Lefort et al., 2015] , with the distance-based neighbor-joining method to select tree topology and Jukes-Cantor measure to calculate the distances between genes.
Analysis was performed using custom scripts in Python 2.7 (see Data and software availability section).
Results
The chloroplast genome of the Choricystis parasitica algae is a circular DNA 94206 base pairs in length.
The comparison of open reading frames of the candidate genome fragment from the metagenomic samples with annotated genes of C. parasitica support the statement that this genome fragment of length 55638 is a large part of the chloroplast genome of algae close to the C. parasitica species. Figure 1 illustrates the order of genes in these two related chloroplasts. The comparison of gene sequences shows them to be up to 98% identical in these two species.
The phylogenetic trees for the two selected genes, 16S ribosomal RNA and ATP synthase beta (Figure 2 ) in general confirm the conventional relations between Cholorophyta algae [Lemieux et al., 2014; Lemieux et al., 2015] . samples is comparable in scale with the distances between genera. This observation needs discussion, because a timescale which separates the origins of the close genera in Figure 2 implies a much larger timescale than that which could characterize the separation of the chloroplast strains detected in the metagenome. Partially this can be explained by the RNA editing and similar modifications which lead to the accumulation of polymorphic positions.
A different view of the unexpectedly high proportion of polymorphic sites in the metagenomic samples is illustrated in Figure 3 . Here, the proportion of polymorphic sites, and the proportion of polymorphic sites with a low abundance of dominant allele ("mutations") is shown separately for each DNA and RNA sample. The results of Figure 3 are presented separately for each gene frame, and for a whole set of genes.
The proportion of polymorphic sites in the DNA and RNA metagenomes for the sample of healthy sponge tissues reflects the natural situation, where the quantity of matrix RNA in the chloroplast organelle is in general higher than the quantity of DNA. Here the polymorphic sites in the DNA sequences may arise due to natural heterogeneity of chloroplast genomes, but the dominant strain is clearly identified. The number of polymorphic sites in the RNA sequences is slightly higher than in DNA sequences due to RNA editing and other modifications.
In contrast, in the DNA and RNA samples of the diseased tissue, the quantity of chloroplast DNA is decreased, and the quantity of RNA is decreased even more, reflecting the fact of disease and the low level of chloroplast activity. Importantly, the number of polymorphic sites is sharply higher in the remaining DNA sequences, and the alternative alleles are presented in high proportion. And, for RNA sequences, the dominant allele is present much less than alternative alleles. For the case of dead tissue, where RNA couldn't be extracted, the discussion about the observed number of DNA molecules and the proportion of polymorphic sites is beyond the scope of this study.
The natural assumption about the diseased but alive tissue is that living cells are desperately trying to survive. Adaptation to a changed environment is the one of the best ways to survive. The accumulation of mutations is a straightforward form of adaptation, and this could be confirmed by the results of Figure 3 for the sample of diseased sponge tissue. The rapid increase of mutations in the genome can be observed in the chart for chloroplast DNA, and as it may be suggested from the chart for chloroplast RNA, that the mutations which help survival are fixed in the cells which still continue to develop.
The observed signs of extensive mutations in response to severe stress are somewhat controversial when compared to a the widely accepted concept of molecular clocks and a theory of neutral evolution [Kimura, 1968; Margoliash, 1963; Zuckerkandl & Pauling, 1962] where mutations are appear randomly and are independent from the environment. But in several studies the presence of adaptive mutations in response to stress has been detected in certain species, as reviewed in [Rosenberg, 2001; Wright, 2004] . So the present result cannot be treated as completely inadequate, in conditions of severe and unusual crisis of the whole ecosystem. The results for each of the annotated genes are show in the bottom part. The upper line presents the integrated results for each sample. The proportions of polymorphic sites and the sites with high levels of alternative alleles ("mutations") are shown as pie charts, relatively to a total number of polymorphic sites in all samples. The proportion of sites which are polymorphic in some other samples, but not in the given sample, are shown in light blue. The legend on the right shows a color scheme used to represent three types of sites. The circle radius represents a total number of sequencing reads aligned to the gene segment and used to identify polymorphic sites. The scale of the circle radii is transformed for better appearance, to compensate for the high variations in the numbers of aligned reads.
Discussion
The signs of the large-scale ecological crisis in Lake Baikal are confirmed from many sources, and ecological crises on such a large scale are rare in the documented history of water ecosystems. Sequencing technologies have appeared only in a recent years, and, to the authors best knowledge, no cases of large and sharp changes in ecosystems have been documented using the tools of molecular biology.
The importance of Lake Baikal itself as an ecosystem with an unusual diversity of endemic species, and as a glorious source of pure drinking water, is a subject high above the economic and pragmatic reasons which are usually considered in molecular biology studies. However the present results suggest that the conventional approaches of molecular biology may be insufficient to adequately describe situations of ecological crisis. In particular, the observations of rapid accumulation of mutations in the chloroplast genomes in the diseased tissues could indicate that the concept of molecular clocks is inappropriate in rapidly changing ecosystems.
What's more, using the tools of molecular biology to study the Baikal ecosystem has another importance; it is a unique chance to accumulate observations about a rapidly changing environment. Great lakes are themselves simplified cases of large-scale marine ecosystems. The presented results, as a part of all Baikal ecosystem studies, could find application, not only in the challenge of minimizing the consequences of the crisis in Baikal, but also in the possible future global challenges caused by sudden changes in ecosystems of any scale.
In particular, the reconstructed genome of the symbiotic algae may improve knowledge about a cause of sponge disease, and indirectly narrow the possible strategies to prevent the spread of destruction in the Baikal ecosystem. The presented description of the genome may be helpful in the evolutionary studies of marine and freshwater Cholorophyta algae.
Data availability
The nucleotide sequence of the chloroplast genome fragment is deposited to Genbank under the accession number: MH591948
Nucleotide sequences have also been deposited with the European Nucleotide Archive (ENA) of the European Molecular Biology Laboratory-European Bioinformatics Institute (EMBL-EBI) under study number: ERP110335.
Software availability
The sequencing reads and source codes of scripts sufficient to reproduce the presented results are available from GitHub: https:// github.com/sferanchuk/bsponge_chloroplast
Archived source code at time of publication available at: https://doi.org/10.5281/zenodo.1326765 [Feranchuk, 2018] .
(License: CC BY 4.0).
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The massive presence of sponges is known as playing a leading role in the process of biofiltration of Baikal's water. Recently the cases of sponge disease have been expanded rapidly. The significance of the current study is coming from the attempt to investigate molecular aspects of sponge disease using a systems biology approach. In the present submission the authors provide data on the genome and transcriptome of chloroplasts from symbiotic algae. Metagenomic and metatranscriptomic sequencing data was used for a template-based assembly of the chloroplast genome of algae, and a mapping of sequencing reads to the obtained genome sequence was a subject of interpretation, based on a detection of polymorphic sites. The advantage of the study is the exploration of natural samples, improvement of methods of bioinformatical analysis and provocative ideas. I think that the manuscript deserves to be indexed, but there are concerns which the authors need to address:
What was the number of analyzed biological replicas or independent samples? Do the authors expect the same spectra if another sample(s) of sponge tissues would be processed with the same pipeline? What would be the distribution of variations in polymorphic sites in another series of experiments?
Were the "healthy", "diseased" and "dead" samples collected from the same spot? How can the authors be sure that they are dealing with the same species? Could it be that what the authors proposed as "adaptive mutations" is in fact a difference between different subspecies? I will recommend to tone down the conclusions and to discuss possible alternative interpretations. The statement on a presence of adaptive mutations in the chloroplast genome is too strong. It requires confirmation with more independently obtained samples. There is also no evidence that even if these mutations will be confirmed, that they are "true adaptive" mutations and provide the organism with any physiological advantage. Therefore the title is misleading in my opinion.
I suggest also to provide more details of the overall design of the study and on novelty in bioinformatics approaches.
Is the work clearly and accurately presented and does it cite the current literature?
Yes of runs of an assembler yields (almost) the same contigs set, then the results could be used for further analysis. The problem arises, if one gets a number of sets of contigs with a sounding difference between them. The paper has no answer on that point; a comparative study (like that one presented by the authors) should have some proofs of the absence of artefacts affecting the comparison of fine differences between biological objects involved in the study. Meanwhile, I pretty well understand that such output testing falls beyond the customs and habits of NGS sequenced data treatment and I am in the smallest minority. So, from that point of view the paper completely meets all the custom data treatment procedures and in such capacity should be recommended for indexing.
Another important issue of the paper is that it presents an attempt to tie together ecological (environmental) processes, and some genetic background that may stand behind. Here the word `crisis' used by the authors makes a point: regularly, is stipulated as a rather fast running ecological crisis process in a community resulting in serious (and inevitable) loss of the greater part of species from the community. Maybe, this word is too strong here: what if the observed infection intrusion is just a regular (while long ranged) periodic event in the community? Nonetheless, the scientific merit of the paper is obvious, the results and conclusions are sounding and up-to-date, and paper should be indexed.
The paper needs major revisions in its English. The paper is written in a version I dare say is Runglish. There are too many lines in the manuscript that look like a literal translation from Russian of (quite boring) scientific Russian-style. I myself can decipher what the authors mean, since my mother language is also Russian. I am absolutely sure that the current version of the paper will fall out of comprehension for the greatest majority of readers who have no active Russian. To begin with, the title must be changed. I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
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